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THE INFLUENCE OF MODULATED SINUSOIDAL CURRENT ON THE STATE OF 
CHROMATIN FROM NRURONS OF THE CEREBRAL CORTEX OF RATS I N  
HYPOKINESIA 
Z.A. Sokolova 
We have shown p r e v i o u s l y  t h a t  t h e  u s e  of modulated 
s i n u s o i d a l  c u r r e n t  (MsC) i n  hypokines ia  p e r m i t s  i n c r e a s e d  
metabolism of n u c l e i c  a c i d s  i n  t h e  s k e l e t a l  muscles  a t  
which t h i s  s t imu lus  is  d i r e c t e d  (Z.A. Sokolova, e t  al.), 
For a deeper  s tudy  of t h e  f u n c t i o n a l  mechanism of  MSC i t  is 
impor tan t  t o  i n v e s t i g a t e  t h e  biodhemical  changes which 
appear  under  i t s  i n f l u e n c e  i n  t h e  c e n t r a l  nervous  system, 
p a r t i c u l a r l y  i n  i n d i v i d u a l  nerve  c e l l s  - t h e  neurons  of t h e  
c e r e b r a l  cortex.  Such i n v e s t i g a t i o n  could  enab le  one t o  es-  
t a b l i s h  t h e  yresence  o r  absence of c e l l u l a r  s p e c i f i c i t y  i n  t h e  
e f f e c t  o f  MSC i n  hypokines ia ,  and c l a r i f y  i ts e f f e c t  on t h e  
metabolism of s e p a r a t e  t y p e s  of neurons  of t h e  c e r e b r a l  cor tex .  
One of t h e  b a s i c  c r i t e r i a  of  t h e  f u n c t i o n a l  p o s s i b i l i t i e s  
of any c e l l ,  i n  p a r t i c u l a r  a nerve  c e l l ,  i s  t h e  d e ~ r e e  of a c t i -  
v a t i o n  o f  i t s  main g e n e t i c  appa ra tus ,  chromatin,  Therefore  o u r  
problem i n c l u d e s  t h e  s t u d y  of t h e  e f f e c t  of MSC and measured 
phys i ca l  s t r e s s  on t h e  s t r u c t u r a l  and f u n c t i o n a l  s t a t e  of 
n u c l e a r  chromatin from v a r i o u s  t y ~ e s  of neurons of  t h e  c o r t e x  
of t h e  l a r g e  b r a i n  hemisnheres of r a t s  i n  hypokinesia .  
The work was c a r r i e d  ou t  on 50 whi te  male r a t &  of t h e  
V i s t a r  s t r a i n  we i rh ing  160-200 g, d iv ided  i n t o  f i v e  groups 
of 10 animals  each. The f i r s t  group c o n s i s t e d  of i n t a c t  r a t s ;  
group 2 of r a t s  kept  in hypodynamia f o r  30 days;  qroup j of 
h e a l t h y  rats s u b j e c t e d  t o  measured rlhysical s t r e s s ;  Group 4 
of r a t s  s u b j e c t e d  t o  MSC d u r i n r  a ~ ~ e r i o d  of immobi l iza t ion ;  
and group 5 c o n s i s t e d  of r a t s  s u b j e c t e d  t o  measured p h y s i c a l  
s t r a i n  d u r i n ~  a ne r iod  o f  hypoltinesia. i iynokinesia was ob- 
t a i n e d  by hold in^ t h e  r a t s  i n  i n d i v i d u a l  "hypokine t ic"  coRes 
I 
*numbers i n  margin ind ica te  pagination of foreign tex t .  
which s h a r p l y  l i m i t e d  t h e  animals '  mob i l i t y ,  For  t h e  KSC 
s t i m u l u s  a n  "Amplipulee-3" a p p a r a t u s  was used ( c a r r v i n g  
c u r r e n t  f requency 5000 CPS, modulat ion depth  100%, frequency 
100 CPS, o p e r a t i o n  t y p e  2, c u r r e n t  s t r e n g t h  1-5-2,s m i l l i -  
amperes). We c a r r i e d  o u t  a  procedure l a s t i n g  20 minutes  
twice  d a i l y  f o r  20 days. The e t i m u l u s  was a ~ p l i e d  t o  t h e  
r e g i o n  of both haunches, Running a t r e a d m i l l  f o r  20 minutes  
d a i l y  f o r  20 days  s e r v e d  a s  measured p h y s i c a l  s t r e s s  ( t h e  
t r e a d m i l l  t r a c k  moved a t  a c o n s t a n t  i i n e a r  speed of 20 cm/sec), 
Chromatin from t h e  n u c l e i  of c e r e b r a l  c o r t e x  c e l l s  was 
evd~nined by R i g l e r q s  m i c r o f l u c ~ o n e t r i c  method, t h e  b a s i s  of 
which is measurement of t h e  i n t e n s i t y  of f l uo rescence  of t h e  
complex of  a c r i d i n e  orange (A01 and DidA chromatin.  I n t e n s i t y  
of f l uo rescence  depends on t h e  q u a n t i t y  o f  AO, bonded t o  2NA I 
inc luded  i n  t h e  composi t ion of desoxyr ibonuc leopro te in  (DWP),  
and r e f l e c t s  t h e  m u t u a l i t y  of t h e  DNA-protein nystem, The 
method p rov ides  an i d e a  of the degree t o  wbiich t h e  DIJA chromatin I 
molecule i s  blocked by n r o t e i n s ,  and consequent ly  o f  t he  degree  
of its mat r ix  a c t i v i t y  ( R i g l e r  e t  a l ;  H inge r t z ) ,  
4 
The i n t e n s i t y  of f l uo rescence  was measured i n  i n d i v i d u a l  
c e l l s  of  t h e  l a r g e  pyramidal n e s r o n s  oT l a y e r  V and t h e  s t e l l a t e  
neurons of l a y e r  I V  from t h e  k i n e s t h e t i c  zone of t h e  c e r e b ~ n l  
J 
c o r t e x  ( t h e  c l a s s i f i c a t i o n  of V.bl .  svetukhina. was used i n  de- 
t e rmin ing  zones)  and a l s o  i n  t he  ~ r a n u l e  neurons of t he  d e n t a t e  
4 
f a s c i a  of t h e  hippocamnus. For this b r a i n  t i s s u e  was f i x e d  f o r  
30 minutes  i n  a mixture  o f  eoual  q u a n t i t i e s  of e t h y l  a l c o h o l  
and ace tone  a t  room tempera ture ,  then  f o r  20 hours  i n  t he  came I 
f i x a t i v e  a t  a  tempera ture  of 4 '~ .  l p r o r n  t h e  m s r a r f i n  b locks  
prepared  by  t h e  commonly accepted  method, s e c t i o n s  of r e s n e c t i v e  
p s r t s  of t h e  b r a i n  5 micrometers i n  t h i c m e s s  were obtained.  /z 
After  p re l imina ry  d e p n r a f f i n a t i o n  t h e  p r e ~ m r n t c s  were nro- 
*L" 
ces sed  a c c o r d i n z  t o  R i g l e r ' s  method, s t a i n e d  w i t h  an  A0 




q u a n t i t y  o f  A 0  combining wi th  t h e  nuc leus  was determined 
acco rd ing  t o  t h e  i n t e n s i t y  o f  f l u o r e s c e n c e  a t  a wavelength 
of 530 nm ( ~ ~ ~ ~ 1 ,  expressed  i n  conven t iona l  u n i t s .  I n  each 
p r e p a r a t e  measurements were made o f  n o t  fewer t h a n  10 n u c l e i  
o f  c o r r e a p > n d i n g  t y n e s  of ne rve  c e l l s  on a 1umj.nescent MSP-0.5 
microscope-photome t e r  from t h e  llOptonll firm. 
- granule neurons 
- 
ted t conditiods 
Norm (control) 
(physical s t r e s s  
P 
hypo kines i a  P 
hypokinesia + SMC 
P 
hypokinesia '+ physical  s t r e s s  
P 
Table. I n t e n s i t y  of f l uo rescence  of DlJP (Pq30, fn conven t iona l  
u n i t s )  from n u c l e i  of neurons from c e r e b r a l  c o r t e x  of r a t s  
i n  c o n t r o l ,  wi th  hypokinesia, e f f e c t  of MSC and measured 
p h y s i c a l  s t r a i n  (Mtm ) 
The r e s u l t s  of t h ~  r e sea rch  o r e  p r e s ~ n t e d  i n  t h e  t a b l e ,  
Simultaneous examination i n  t h e  s8me p r e p a r a t i o n s  of l a r g e  
y:?rafnidal and s t e l l n t e  neurons from the k i n e s t h e t i c  zone of 
t he  c e r e b r a l  c o r t e x  permit one t o  make a comparat ive a n a l y s i s  
of t he  i n t e n s i t y  of f l uo rescence  i n  t h e  n u c l e i  of t h e s e  c e l l s  
i n  i n t a c t  r a t s .  It showed t h a t  i n t e n s i t y  of  f l uo rescence  i n  
f n t a c t  n u c l e i  of Zarge pyramidal  neurons  is a lmost  twice  a s  
g r e a t  as tha t  i n  s t e l l a t e  neurons. These d a t a  permit  one t o  
c o n s i d e r  t h a t  i n  t h e  c o n t r o l  t h e  g e n e t i c  appa ra tue  of  l a r g e  
pyramidal  neurons i n  comparison wi th  s t e l l a t e  n e u r m a  is 
l e s s  r e p r e s s e d  by p r o t e i n s ,  and consequent ly  is i n  a more a c t i v e  
condi t ion .  
Research on rats k e p t  i n  a regime w i t h  s h a r p l y  l i m i t e d  
motor a c t i v i t y  pe rmi t t ed  u s  t o  e s t a b l i s h  t h a t  i n t e n s i t y  of 
f l u o r e s c e n c e  i n  t h e  l a r g e  pyramidal and s t e l l a t e  neurons of  
t h e  c e r e b r a l  c o r t e x  i n  t h e s e  an imals  compared w i t h  i n t a c t  
an imals  was s i g n i f i c a n t l y  decreased.  With t h i s  t h e  a b i l i t y  
o f  DNA chromatin t o  b ind  A0 showed s t a t i s t i c a l l y  r e l i a b l e  
dec rease  i n  t h e  n u c l e i  of l a r g e  pyramidal  neurons  by 35.7;: 
( ~ 4 0 . 0 2 )  and i n  s t e l l a t e  neurons by 33,5'6 (P40.05) ,  I n t e n s i t y  
of  f l u o r e s c e n c e  i n  n u c l e i  of g r a n u l e  c e l l s  of t h e  d e n t a t e  
f a s c i a  o f  t h e  hippocampus i n  hypok ine t i c  rats corresponded 
t o  i ts  degree  i n  i n t a c t  animals ,  
A s  opposed t o  hypokines ia ,  p h y s i c a l  s t r e s s  a - : p l i e d  t o  
hea l thy  r a t s  d i d  n o t  n o t i c e a b l y  i n f l u e n c e  t h s  s t a in -b ind inq  
p rope r ty  o f  CNP from l a r g e  pyramidal and s t e l l a t e  neurons 
of  t h e  c e r e b r a l  c o r t e x  o r  of g ranu le  c e l l s  of t h e  d e n t a t e  
f a s c i a  of t h e  hip?ocamyus. 
Under t h e  i n f l u e n c e  of MSC, t o  t h e  e f f e c t  of which r a t s  
were s u b j e c t e d  whi le  immobilized, s i a n i i i c a n t  c h a n ~ e s  i n  t h e  
i n d i c e s  under  s tudy  took al.ace only  i n  t h e  n u c l e i  of  t h e  
l a r g e  pyramidal  neurons;  t h e  i n t e n s i t y  of  t h e i r  luminescence 
r e l i a b l y  exceeded 89 '1 (P< 0,001 ). 
The a b i l i t y  o; ')NP from s t e l l a t e  neurons t o  bind A 0  ?.is0 
eomewhat i n c r e a s e d  wi th  t h e  e f f e c t  of M.';C; however, t h i s  
i n c r e a s e  was no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Adsorpt ion of 
A 0  by t h e  n u c l e i  of , ~ r a n u l e  c e l l s  of t h e  hinpocampus i n  these 
exper imenta l  c o n d i t i o n s  r e m ~ i n e d  p r a c t i c a l l y  unchanged. 
P h y s i c a l  s t r e a s  a p p l i e d  t o  rats d u r i n g  hypokineqia d i d  
no t  l e a d  t o  s i g n i f i c a n t  changes i n  t h e  i n t e n s i t y  of f l u o r -  
escence  i n  DNP of n u c l e i  o f  t h e  t y p e s  of neurons examined; 
on ly  a  tendency t o  i n c r e a s e  was observed i n  n u c l e i  o f  l a r g e  
pyramidal and s t e l l a t e  neurons. 
R e s u l t s  of our  r e ~ e a r c h  showed t h a t  bo th  t h e  s t a t e  of 
hypok ines i s  and t h e  .'feet of MSC have a d e f i n i t e  e f f e c t  on 
t h e  s t r u c t u r a l  p r o p e r t i e s  of chromat in  from t h e  n u c l e i  of 
neurons of t h e  c e r e b r a l  c o r t e x  of r a t s .  The changes a r i s i n g  
i n  t h e s e  c i rcumstances  a r e  a m b i o o u s  i n  d i f f e r e n t  exper imenta l  
c o n d i t i o n s ,  and show s p e c i f i c i t y  ;-i d i f f e r e n t  t y p e s  of nerve  
c e l l s .  
I n  s t u d i e s  c a r r i e d  o u t  on s o l u t i o n s  of D. and c h r o m ~ t i n  
from d i f f e r e n t  t y p e s  of  c e l l s  (hepn tocy te s ,  lymnhocytes from 
p e r i n h e r a l  b lood) ,  a  r e l a t i o n s h i p  was e s t a b l i s h e d  between t h e  
i n t e n s i t y  of f l uo rescence  i n  DNF and t h e  q u a n t i t y  of  p r o t e i n  
i n  r e a c t i o n  with DNA i n  t h e  d e ~ o x y r i b o n u c l e o p r o t e i n  complex 
(0.'. Rorisova and 5.5. IiIinyat; K.N. Fedorova). Such  s t r u c t -  
u r a l  changes of t h e  r e l a t i o n s h i p  between DXA and p r o t e i n  i n  
DNP composi t ion a r e  regarded  a s  c l o s e l y  l i n k e d  w i t h  changes i n  
t h e  fundamental p r o p e r t i e s  of  chromatin and i t s  ma t r ix  a c t i v i t y  
(A.Y~. Varshavskiy).  
The decreased  in t ens i t : ?  of f l u o r e s c e n c e  i n  n u c l e i  of 
l f t rge pyramidal  and f i t e l l a t e  neurons w i t h  hypokines ia  i n d i -  
c a t e  t h a t  t h e  gene t i c  a p p a r a t u s  of t h e s e  nerve  cells is  ev i -  
I 
d e n t l y  more l r i rce ly  r e n r e s r e d  by ~ r ~ t e i n s  than  i n  i n t n c "  r a t s ,  
and consequent ly  i ts ma t r ix  a c t i v i t y  i s  a l s o  decreased,  
, Anp l i ca t ion  of M S C  i n  a  ne r iod  of  hypokinenin l c n d s  t o  
i n c r e ~ s e d  adso rp t ion  of A 0  by DNA chromatin O A  l a r g e  n y r a m i d ~ l  
neurons,  and ~ r e a t e r  1 abi  I : t y  of t h e  bond betwfi-r? )!;A and nro- 
t e i n s  o r  t h e i r  p a r t i a l  de tlchrnent from t h e  L11;tl molecule. 
5 
- . - 
C o n s i d e r i n c  t h e  d a t a  p r e s e n t e d  from t h e  l i t e r a t u r e ,  sucl. 
c c n f o r m a t i o n a l  c h a n g e s  i n  c h r o m a t i n  D K A ,  a r i s i n g  u n d e r  t h e  
i n f l i ~ e n c e  o f  31iC, may b e  r e g a r d e d  as  a c t i v a t i o n  o f  t h e  g e n e t i c  
a p p a r a t u s  o f  t h e s e  neurons .  The p r o p e r t i e s  o f  DI:P of i l u c l e i  
from s t e l l a t e  n e u r o n s  nnd g r a n u l e  c e l l s  o f  t h e  d e n t a t e  f a s c i a  
o f  t h e  hippocampus d i d  n o t  change upon a p l i c n t i o n  of  MSC. 
Those d a t a  pe r tn i t  one  t o  c o n c l u d e  t h e  preAence of c e l - l u l a r  
s p e c i f i c i t y  i n  t h e  f u n c t i o n a l  mechanism o f  MSC w i t h  h y n o k i n e s i a .  
l r h y o i c a l  s t r e s s  app l . i ed  b o t h  t o  i n t a c t  nnd t o  h y p o k i n e t i -  
c i z n d  rats d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  s t a t e  o f  c b r o m s t i n  
i n  t h e  t y p e  of c e r e b r a l  c o r t e x  n e u r o n s  s t u d i e d .  E v i d e n t l y  t h e  
g e n e t i c  a n p a r a t u s  o f  neurons o f  t h e  c e r e b r a l  c o r t e x  i n  t h e  
p r o c e s s  o f  p h y b o g e n e s i s  a d e q u a t e l y  a d a n t e d  t o  t h e  e f f e c t  oc 
a f a c t o r  which by i t s  n a t u r e  may be c l a s s e d  anonK n a t u r a l  
b i o l o ~ i c a l  s t i m u l i .  
The r e s i ~ l t s  o b t a i n e d  a l s o  n e r n i t  one  t o  s t a t e  t h a t  t h e  
d i f f e r e n t  t y ~ e s  of  n e u r o n s  s t u d i e d  r e a c t  v a r i o u s l y  t o  t h e  same 
s t i m u l u s .  The g r a a t e s t  r e a c t i v i t y  was ~ h o w n  by n i ~ c l ~ i  of  
l a r g e  p;{ramidal n e u r o n s ,  t h e  metabo l i sm of  which a c c n r d i n ~ :  t o  
t h e  i n d i c e s  o f  i n t ~ n n i t y  o f  f l ~ l o r e n c n e c e  o f  D i 4 -  changed b o t h  
u n d e r  h y p o k i n e s i n ,  ant1 upon t h e  e f f e c t  of I b i : ; C .  The , - b ~ r e e  o f  
a c t i v i a t i o n  o f  t h e  g e n e t i c  a p p a r a t u s  o f  s t e l l a t e  n e u r o n s  
changed o n l y  i n  I ~ y p o k i n o s i a .  : los t  s t a b l e  w e r e  found t o  b e  t h e  
p r o p e r t i e s  of c h r o m a t i n  from c r a n u l e  n e u r o n s  of t h e  d e n t a t e  
f a s c i a  o f  t h e  hi?r'ocnmpus; t h e  i n t e n s i t y  c f  t h e  f 3 u o r e s c e n c e  
of i ts  n u c l e i  d i d  n o t  change i n  r e a c t i o n  t o  e i t h e r  s p p l i e d  
n t imulus .  The d i f f e r e n t  d ~ ~ r e e  o f  a c t i v a t i o n  of t h e  ~ e n e t i c  
a r l p a r ~ t u s  o f  t h e  s t u d i e d  n e r v e  c e l l s  o f  t h e  c e r e b r a l  c o r t e x  ir. 
i n t a c t  ratfi, and  a1.so t h e  f a c t  t h a t  one  and t h e  same stimulus 
was accompanied by arnbi:luous s h i f t s  i n  t h e  metabolifim o f  t h e s e  
c e l l s ,  i n d i c a t e  t h a t  d i f f e r e n t  t:r?es o f  n c u r o n s  poF: ;ass  d i f -  
f e r e n t  s t r u c t u r a l  anti f u n c  t i o m 1  yenome org-!.n i x n t  < rjn. One m3.v 
s u , ~ g e s t  t h a t  thefic s t r u c t . u r a 1  and func  t i n n a l  t i i f  f e r r n c e o  l i e  a t  
t h e  bafiis o f  t h e  a p e c i f i c  a c t i v i t y  o f  t h e  examined types  of  
neuron8 from t h e  c o r t e x  of  t h e  l a r g e  b r a i n  hemispheres,  
Conclueions 
1, Immobil iznt ion of r a t s  f o r  30 dn>a i n  t':?gpol:inetictl cnf fes  is 
accompanied by decreased  i n t e n c i t y  of  f l uo rescence  i n  t he  DKA 
of chromatin from n u c l e i  of l a r g e  pyramidal  and n t e l l a t c  
neurons of t h e  k i n e s t h e t i c  zone of  t h e  c e r e b r a l  cor tex .  
Adsorpt ion of  a c r i d i n e  orange by t h e  n u c l e i  of c r a n u l e  cells 
from t h e  d e n t a t e  f a s c i a  of t h e  hinpocsmpus d i d  no t  chnnce 
under t h e s e  cond i t i ons .  
2. S i i luso ida l  modulated c u r r e n t ,  t o  t h e  a c t i o n  of  which r a t s  
were ~ u b j e c t e d  i n  a c o n d i t i o n  of h y r l k i n e s i a ,  provoked a 
s t a t i ~ t i c a l l y  r e l i a b l e  i n c r e a s e  i n  t h e  i n t e n s i t y  of DNP fluor- 
escence i n  l a r e e  pyramidal neurons,  which i n d i c a t e s  a c t i v a -  
t i o n  of t h e  g e n e t i c  a r r a r a t u s  of t h e s e  nerve  c e l l s ,  and d id  
not  have any marked e f f e c t  on t h e  a b i l i t y  of t h e  n u c l e i  o f  
s t e l l a t e  neurons and ~ r n n u l e  ncuro3s o f  t h e  d e n t a t e  f ,qsc ia  
of t h e  hipqocampus t o  b ind  t h e  s t a i n .  
3. Measured n h g c i c ~ l  s t r e s s  d i d  n o t  a f f e c t  t h e  s ta in-b indin[ ;  
p rope r ty  of D1:P from t h e  ~ t u d i c d  t:;pea of c e l l s  i n  e i t h e r  
o r  hypokine t ic  r a t s .  
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